Phenylalanineaminopeptidase was isolated and purified from the culture filtrate of Legionella pneumophila by affinity chromatography on 0-tert-butyl-L-threonyl-L-phenylalanyl-L-prolylglycyl-aminosilochrom and by gel-filtration; a 401-fold purification with a yield of 18% was achieved. The enzyme was a metalloenzyme with a molecular weight of 35000 and a PI of 5.8. It was stable at pH 7-9 and had an activity optimum in the range of pH 8-9.5 with L-phenylalanine p-nitroanilide as substrate. Enzyme activity was highest towards the latter compound, substantially lower towards L-leucine p-nitroanilide and only marginal towards other pnitroanilides. Besides phenylalanineaminopeptidase, a metalloproteinase and a serine pro: Zinase were also detected in L . pneumophila culture filtrate.
measuring activity by the usual procedure. In the control tubes the enzyme was incubated under the same conditions in the absence of these reagents. The influence of bivalent metal ions was studied by incubating the enzyme with L-Phe-pNA for 20 min at pH 8.0 (50 mM-Tris/HCI buffer) and 37 "C in the presence of 1.0, 0.1 and 0.01 mM-(CH3COO)zZn, CoC12, CaCI,, MnCl, and MgCI,. p-Nitroaniline liberated was then determined.
Amino acidcomposition. The enzyme was hydrolpsed in 5.7 M-HCl at 105 "C for 48 h and analysed in a Durrum D-500 amino acid analyser. No special attempts were made to assay cysteine or tryptophan or to check the determination of methionine which gave unusually high values.
Molecular weight. This was determined by polyacrylamide gel electrophoresis (PAGE) in 0.1 R E S U L T S
The culture filtrate of L. pneumophila, strain Philadelphia-1, was found to contain proteolytic enzymes active against azocasein, against the p-nitroanilides of L-Pyr-L-Ala-L-Ala-L-Leu and LPyr-L-Phe (typical synthetic substrates for serine proteinases) and against L-Phe-pNA (a typical synthetic substrate for aminopeptidases). After 48 h of bacterial growth the following specific 
No activity was detected
completely inhibited by di-isopropyl fluorophosphate and by p-hydroxymercuribenzoate, which is characteristic of bacterial thiol-dependent serine proteinases (Stepanov et al., 198 1) . Only 20% of the total activity against azocasein was inhibited by di-isopropyl fluorophosphate, whereas 80% of the activity was inhibited by Na2EDTA, suggesting that L. pneumophila produces metalloproteinase(s) preferentially alongside serine (apparently thiol-dependent) proteinase. These preliminary observations on the nature of L. pneumophila proteinases remain to be checked by separation and thorough study of these enzymes.
L. pneumophila extracellular aminopeptidase was isolated in this study and, in accordance with its specificity, was named phenylalanineaminopeptidase. This enzyme appeared in the culture filtrate after 16-18 h of growth (Fig. 1) ; then its content rapidly increased reaching a maximum after 20-24 h. About the same time intensive pigment formation occurred. Further growth of the culture led to the fall of phenylalanineaminopeptidase activity, apparently as a result of degradation of the enzyme by other proteinases.
For the isolation of phenylalanineaminopeptidase the culture filtrate obtained after 20-24 h growth was used. The bulk of the pigment was adsorbed on QAE-Sephadex at pH 5.6, whereas phenylalanineaminopeptidase passed through the sorbent. Substantial amounts of the remaining pigment were removed by ultrafiltration. Phenylalanineaminopeptidase was further purified by affinity chromatography on tetrapeptide-aminosilochrom. This sorbent was prepared as described by Lyublinskaya et al. (1984) and contained tetrapeptide ligand attached to macroporous silica as shown.
This sorbent was effective in the purification of several aminopeptidases, and in the case of L. pneumophila phenylalanineaminopeptidase effected a 20-fold purification. The enzyme was sorbed on tetrapeptide-aminosilochrom at pH 7.5 in the presence of 1 MNaCl to reduce nonspecific binding of extraneous proteins. The enzyme was desorbed by 25% (v/v) propan-2-01, the latter apparently suppressing hydrophobic contacts between the enzyme and the ligand. As the final steps in the purification two gel filtration procedures -through Acrylex P-60 and Sephadex G-75 -were used (Table 1) .
s . v . G U L ' N I K A N D O T H E R S
The homogeneity of the isolated phenylalanineaminopeptidase was confirmed by the presence of one protein band, RF 0.6 (relative to the marker dye mobility), possessing activity against L-Phe-pNA and L-Leu-pNA, after PAGE at pH 8.3. SDS-PAGE also revealed only one protein band corresponding to a molecular weight of 35000. The same value was found for the native enzyme by gel filtration through Sephadex G-75 suggesting that the enzyme consists of a single polypeptide chain. Isoelectrofocusing in polyacrylamide gel also revealed a single protein band of PI 5.8. Phenylalanineaminopeptidase was characterized by a rather high content of dicarboxylic amino acids and their amides -83 residues out of 340 -whereas only 25 basic residues were found ( Table 2) . This explained the low isoelectric point of the enzyme. The enzyme was stable within the pH range 7-9; the optimum pH for its acivity was in the range pH 8.0-9.5 (Fig. 2) . The enzyme was especially active against L-Phe-pNA with considerably less activity towards LLeu-pNA (17% of the specific activity shown for L-Phe-pNA). Its action on thep-nitroanilides of L-Val, L-G~u, L-Ala, L-Arg and L-Pro was negligible. However, the influence of secondary specificity broadened this specificity pattern if peptides rather than amino acid p-nitroanilides were used as the substrates. Indeed, rather extensive cleavage of leucine, proline, valine and isoleucine residues was observed when the following peptides were hydrolysed by L. pneurnophila phenylalanineaminopeptidase for 18 h at pH 9.0 and 37 "C (residues removed totally are given in bold type) : Leu-Gly-Gly ; Pro-Leu-Gly-NH, ; Val-Val ; Ile-Ser-Asp-Thr-Asn-Gln ; Ile-Val-AspThr-Gly-Thr-Ser-Leu. The glycyl peptides Gly-Asn, Gly-Ala, Gly-Met, Gly-Phe, Gly-Leu, Gly-Legionella phenylalanineaminopeptidase 39 1
Trp, Gly-Gly, Gly-Gly-NH2 and Gly-Gly-Gly were completely resistant to the enzyme. Hence, the specificity of phenylalanineaminopeptidase is considerably broader than might be concluded from the hydrolysis of a range of amino acid p-nitroanilides. The enzyme was completely inhibited by 1 mM-Na2EDTA, 4 mM-cysteine, 1 mM-merCaptOethanol and 1 mM-dithiothreitol. This indicated the specific role of a metal ion in enzyme activity. Bivalent metal ions -Zn2+, Ca2+, Mg2+, Mn2+, Coz+ -did not influence enzyme activity at concentrations up to 1OpM. Neither 1 M-NaCl nor 1 M-LiCl influenced enzyme activity whereas 1 M-KCl decreased the activity by about 50%. p-Hydroxymercuribenzoate also inhibited the enzyme by about 50% but phenylmethylsulphonyl fluoride had no effect.
DISCUSSION
L. pneumophila forms substantial amounts of phenylalanineaminopeptidase. The role of this enzyme is apparently the liberation of free amino acids, especially hydrophobic ones, from the peptides present in the growth medium. Under physiological conditions the enzyme might act on the host intracellular peptides or the products of the host proteins digested by Legionella secretory proteinases, including the metalloproteinase. A more precise description of the way this bacterium produces free amino acids requires more extensive characterization of its proteinases.
Unfortunately, the paucity of the data on microbial aminopeptidases as well as the vagueness of Legionella taxonomy handicaps any comparison of L. pneumophila phenylalanineaminopeptidase with other microbial aminopeptidases. Several aminopeptidases secreted by bacteria are metalloenzymes of relatively low molecular weight and are devoid of quartenary structure. Thus, the molecular weight of Aeromonas proteolytica aminopeptidase is 29 500 (Prescott et al., 197 l) , that of Vibrio SA 1 is 21 000 (Wiersma et al., 1978) and that of Bacillus lichenijormis is 37500 (Rodriguez-Absi & Prescott, 1978) . The molecular weight of the L. pneumophila enzyme, at 35 000, is obviously of the same magnitude. Metal ions are apparently involved in L . pneumophila aminopeptidase activity. Similarly, the aminopeptidases from A . proteolytica (Prescott et al., 1971) , Vibrio SA 1 (Wiersma et al., 1978) and Alteromonas B-207 (Merkef et al., 1981) also contain metal ions in their active sites. The pH-optimum of the L . pneumophila aminopeptidase is similar to those of the bacterial aminopeptidases mentioned above.
To our knowledge, the remarkable preference for L-Phe-pNA shown by the L. pneumophila enzyme is not matched by other bacterial proteinases, which as a rule prefer leucine as the Nterminal amino acid (Wagner et al., 1972; Wiersma et al., 1978; Rodriguez-Absi & Prescott, 1978; Merkef et al., 198 1) . Aminopeptidases that preferentially cleave N-terminal phenylalanine have however, been found in several plants (Kolehmainen & Mikola, 1971; Vodkin & Scandalious, 1980; Waters & Dalling, 1984; Ninomiya et al., 1981) . These aminopeptidases are apparently not metalloenzymes and are thus distinguished from L. pneumophila phenylalanineaminopeptidase.
Phenylalanineaminopeptidase isolated from Trichoderma uiride (Vaganova et al., 1983 ) also shows a strong preference for L-Phe-pNA. Hence, several aminopeptidases of different origin share the same pattern of substrate specificity which is characterized by a preference for L-PhepNA. L. pneumophila phenylalanineaminopeptidase belongs to this type. 
